Glycoprotein synthesis in yeast. Identification of Man8GlcNAc2 as an essential intermediate in oligosaccharide processing.
Synthesis of the N-linked oligosaccharides of Saccharomyces cerevisiae glycoproteins has been studied in vivo by labeling with [2-3H]mannose and gel filtration analysis of the products released by endoglycosidase H. Both small oligosaccharides, Man8-14GlcNAc, and larger products, Man greater than 20GlcNAc, were labeled. The kinetics of continuous and pulse-chase labeling demonstrated that Glc3Man9GlcNAc2, the initial product transferred to protein, was rapidly (t1/2 congruent to 3 min) trimmed to Man8GlcNAc2 and then more slowly (t1/2 = 10-20 min) elongated to larger oligosaccharides. No oligosaccharides smaller than Man8GlcNAc2 were evident with either labeling procedure. In confirmation of the trimming reaction observed in vivo, 3H-labeled Man9-N-acetylglucosaminitol from bovine thyroglobulin and [14C]Man9GlcNAc2 from yeast oligosaccharide-lipid were converted in vitro by broken yeast cells to 3H-labeled Man8-N-acetylglucosaminitol and [14C]Man8GlcNAc2. Man8GlcNAc and Man9GlcNAc from yeast invertase and from bovine thyroglobulin were purified by gel filtration and examined by high field 1H-NMR analysis. Invertase Man8GlcNAc (B) and Man9GlcNAc (C) were homogeneous compounds, which differed from the Man9GlcNAc (A) of thyroglobulin by the absence of a specific terminal alpha 1,2-linked mannose residue. The Man9GlcNAc of invertase (C) had an additional terminal alpha 1,6-linked mannose and appeared identical in structure with that isolated from yeast containing the mnn1 and mnn2 mutations (Cohen, R. E., Zhang, W.-j., and Ballou, C. E. (1982) J. Biol. Chem. 257, 5730-5737). It is concluded that Man8GlcNAc2, formed by removal of glucose and a single mannose from Glc3Man9GlcNAc2, is the ultimate product of trimming and the minimal precursor for elongation of the oligosaccharides on yeast glycoproteins. The results suggest that removal of a particular terminal alpha 1,2-linked mannose from Man9GlcNAc2 by a highly specific alpha-mannosidase exposes the nascent Man-alpha 1,6-Man backbone for elongation with additional alpha 1,6-linked mannose residues, according to the following scheme: (formula, see text).